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Abstract

Testing constitutes an important part of software
development for many engineers. AGDAZ2HS, a
transpiler from Agda to Haskell, currently does
not provide such testing functionality. Agda en-
ables developers to express and formally verify
properties directly within the source code, whereas
Haskell benefits from an extensive ecosystem of
tools and developers. By transpiling verified Agda
code to Haskell, AGDA2HS offers the potential to
combine the advantages of both languages. How-
ever, constructing formal proofs in Agda is chal-
lenging, as it requires the same creativity and in-
sight needed for mathematical reasoning. Conse-
quently, a proposition with a bug may be mistak-
enly seen as difficult to prove. Property-based test-
ing can provide confidence in the correctness of a
proposition before a proof is completed. This paper
presents these testing functionalities in AGDA2HS
by porting QuickCheck to Agda. Furthermore, cor-
respondence proofs are introduced, which enable
programmers to show formally that a test asserts
the same property as a proposition.

1 Introduction

Correctness proofs can provide strong guarantees for soft-
ware systems in which failures may have severe conse-
quences. Examples include compilers [1], autopilots [2] and
software controlling (medical) radiation emitters [3].

However, writing these proofs can be substantially more
difficult than writing the software itself. To address this issue,
AGDA2HS was introduced as a transpiler from Agda, a func-
tional programming language in which correctness proofs can
be written natively, to Haskell, a general functional program-
ming language [4]. Nevertheless, developing verified Agda
code remains challenging, as a proposition with a bug—either
in the proposition itself or in its translation to Agda—cannot
be proven, but identifying such a bug can take considerable
time.

Hence, I introduce software testing to AGDA2HS, enabling
programmers to be reasonably confident in the correctness of
a proposition before attempting to prove it formally. This is
achieved by porting QuickCheck to AGDA2HS and extending
it with additional functionality to prove a correspondence be-
tween a test and a proposition.

1.1 Agda and AGDA2HS

Agda is a programming language based on a dependent type
system [5]. In a dependent type system, types may depend
on values. In combination with the Curry-Howard correspon-
dence [6], Agda can be used as a proof assistant. By ‘rephras-
ing’ a proposition into a function signature, an implementa-
tion of that function acts as its proof. For this proof to be
correct, the fact that Agda functions are total and thus always
return values in their codomain is crucial. Otherwise a func-
tion returning any arbitrary type can be constructed by always
throwing an exception. The creative part of the proof is the

implementation of the function, which serves as constructive
evidence that such a function exists.

AGDA2HS [4] is a program that transpiles Agda code to
Haskell code. By making this translation possible, program-
mers can produce Haskell code with the guarantees of Agda.
This benefits Haskell developers by creating verified imple-
mentations and Agda users by extending the applicability of
Agda to broader deployment contexts.

1.2 Contributions

The purpose of this thesis is to explore the feasibility of
adding a testing framework, specifically one based on the
Haskell QuickCheck library [7], to AGDA2HS to allow for
the testing of propositions. As stated above, developing Agda
code is difficult, especially for programmers not familiar with
the underlying type-theoretic foundations [8]. In addition, the
difficulty of constructing formal proofs further complicates
mathematically rigorously verifying Agda code. For this pa-
per, I ported QuickCheck to Agda for AGDA2HS, answering
the following research question:

How can the interface of the Haskell QuickCheck
library and its implicit properties be exposed in
Agda for use with AGDA2HS?

In this paper, an approach to porting QuickCheck is pre-
sented. First, the QuickCheck interface was analysed to
identify the functionality required for proposition testing in
AGDA2HS. Subsequently, the selected functionality was ex-
posed through Agda bindings and extended with correspon-
dence proofs and helper functions. Finally, the port is evalu-
ated through an analysis of its capabilities and limitations.

1.3 Overview

This thesis first further explains Agda, QuickCheck and
AGDA2HS in section 2. Then, the approach to adding test-
ing to AGDA2HS is outlined in section 3. Subsequently, the
results and limitations of this implementation are discussed in
section 4. Section 5 presents the ethical principles on which
this thesis was written. Then, related work of introducing
testing functionality to other proof assistants is summarised
in section 6, followed by a comparison between this port and
the related work in section 7. Finally, section 8 provides the
conclusions and suggestions for future work on this port.

2 Background

In this section, the background of this paper is discussed.
Since this paper contains both Agda and Haskell code, which
are occasionally difficult to distinguish, all Haskell code in
this paper has a grey-tinted background . First, there is a
brief introduction to Haskell in subsection 2.1 followed by a
more extensive description of QuickCheck in subsection 2.2.
Then, in subsection 2.3, the fundamentals of Agda are ex-
plained. Finally, there is an introduction to AGDA2HS in sub-
section 2.4.

2.1 Haskell

Haskell is a general-purpose strongly typed, purely functional
programming language using lazy evaluation. Since Haskell



is a purely functional programming language, it is often eas-
ier to reason about properties of algorithms and data struc-
tures written in Haskell than in imperative programming lan-
guages, such as C, Python and Rust [4; 9]. However, proofs
concerning Haskell code are written ‘on paper’ and not in the
Haskell source code itself, allowing for desynchronisations
between the proof and the code. These desynchronisations
could occur by updating the code after writing the proof or by
making a copying error. In addition to these desynchronisa-
tions, there is also the possibility that the paper proof contains
an error.

2.2  QuickCheck

To test Haskell programs, Claessen et al. introduced the
Property-Based Testing (PBT) library QuickCheck [7]. Us-
ing QuickCheck, properties of programs can be tested by
checking whether they hold for randomly generated data. Af-
ter generating many such data points—by default, a hun-
dred—for which the property holds, a programmer may be
reasonably confident that their code is correct. Conversely,
a failing test means that the property does not hold. Such
a failing test also produces a counterexample, which helps
programmers find bugs residing in the code or the property
specification.

Test inputs are generated by a generator for the correspond-
ing type. A generator of type a is a function wrapped in
a Haskell newtype Gen a which, given a random number
generator (RNG) of type QCGen and a size argument of type
Int, produces a value of type a [10].

The size parameter serves as an upper bound on the com-
plexity of the value generated by the generator, for instance,
the maximum length of a list. QuickCheck varies this pa-
rameter during the generation of data points, allowing for a
diverse set of test inputs. It also allows programmers to in-
fluence the size of the data points that QuickCheck generates.
This is particularly important for recursive generators, as it
can prevent excessive computation by reducing the size pa-
rameter in recursive calls. For example, if a binary tree is
generated while ignoring the size parameter but with a 25%
chance of generating a leaf node on every (recursive) call,
then two out of three generation attempts will result in in-
finite trees! and thus, if it consumes the entire tree, a non-
terminating program. This is the case, as every node, on av-
erage, is likely to produce more than one child node.

It is up to the programmer creating the generator to decide
how to interpret the size argument, but it will not take on a
negative value. As stated above, it can be an upper bound
on the length of a list, but it can also be the exact size of a
list. Additionally, there could be multiple definitions of ‘size’,
such as the depth versus the total number of nodes in a tree.
Finally, some generators ignore the size entirely when it is
not relevant to the generated type, such as for boolean values
(Tor L) [12].

With these generators, properties about their types can be
tested. For example, the following test asserts that adding
zero to an integer preserves its value:

1pfinite = Pterminating + (1 - ptemninating)p?‘inita
= min{psinite : 0-7517?%71#5—Pfinite+0~25 = 0}[11]

prop_add_identity Int -> Property

prop_add_identity i = i + 0 === i
The operator ‘==="in QuickCheck differs from Haskell’s
standard equality operator ‘== in that it returns a Property

rather than a Bool. Returning a Property is similar to re-

turning a Bool in the testing sense—QuickCheck even allows
tests to return a boolean value—but a Property contains ex-
tra metadata about the comparison, allowing for more infor-
mative output on test failures.

While PBT is useful for general software development, it
is inherently limited by the finite number of inputs explored,
particularly for types with a large or infinite value space. Con-
sequently, an obscure counterexample may be missed, such as
a property that holds for all integers except 42. Furthermore,
generators may have biases or blind spots, for which few to
no values of that part of its supposed range will be generated.
Those values will, in turn, also not be tested, leading to a
misleading impression of correctness.

2.3 Agda

Agda [13] is a dependently typed, purely functional, total pro-
gramming language and proof assistant. As stated previously,
the syntax of Agda is similar to that of Haskell, although
Agda supports Unicode characters in source code. Totality
in Agda ensures that functions always return a value in their
codomain, prohibiting exceptions and infinite loops. The lan-
guage is based on the dependent type theory of Zhaohui Luo
[14], which is related to Per Martin-Lof’s type theory [15;
51.

Agda is built from three fundamental building blocks:
records, data types and functions. Records are analogous
to structs in other languages, where all fields must be in-
stantiated with a value. Data types resemble union types or
Rust-style enums, in which a value is created by selecting
one of the constructors. Finally, functions behave similar to
Haskell’s functions but are total.

Considering the Curry-Howard correspondence [6], Agda
can be used as a proof assistant by representing a proposi-
tion as a function type, where implementations correspond to
proofs. Such an implementation can only be constructed if
the proposition encoded in the type holds. The Agda type
checker therefore acts as a proof checker, rejecting programs
with incorrect proofs. By writing programs and their related
proofs in the same language, Agda avoids the desynchronisa-
tions that are possible in Haskell with pen-and-paper proofs.

Propositions are constructed by combining types within
a function signature [16]. Similar to Haskell’'s “A -> B”,
“A — B” (or even the same ‘non-unicode’ “A -> B”) de-
notes a function from A to B. In the context of the Curry-
Howard correspondence, it also means “A implies B”. Con-
junction is encoded by product types such as a tuple (<) and
disjunction is encoded by sum types, such as Either. Truth
corresponds to the unit type T, while falsity corresponds to
the empty type |. A function returning—and thus prov-
ing—_| can only exist having false premises itself, as no total
function without false premises can return a value in an empty
codomain. The variables in a proposition correspond to poly-
morphic type variables. Thus, a proof of A - B — AA B
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postulate
-- From the Haskell ‘choose Random a => (a,a) -> Gen a’.
choose {{Random al}} » a x a » Gen a
Figure 1: The postulated choose function.

is given by: given definition. There are multiple pragmas available for
proof {A B Set} > A > B 5 A x B AGDA2HS, most of which follow the from:
proof a b = (a , b) {-# COMPILE AGDA2HS #-}
“{A B : Set}” denotes that A and B are generic types, val-  where the ellipsis is replaced with the command. For this

ues of the ‘type universe’ Set, instead of being a concrete
type like Nat. Note that in Agda, types themselves are first-
class values [16].

A parameter wrapped in single braces makes that parame-
ter implicitly passed to a function; its value will be inferred
by Agda and does not have to be passed explicitly. A param-
eter wrapped in double braces, like in Figure 1, searches for
an instance value in scope. Both types of arguments can still
be passed a value manually by wrapping the value in single
or double braces, respectively. Parameters wrapped in paren-
theses can name the value of a parameter for use in the rest of
the type, but these must be passed explicitly and behave like
a ‘normal’ unnamed parameter.

In names with holes, denoted by underscores, arguments
can be provided in the place of the holes instead of just fol-
lowing the name. An example of this is the tuple type X,
which is declared as _x_, allowing it to be used as A x B in-
stead of x A B.

Agda also supports postulates, whereby a declaration is as-
sumed to exist but not implemented, as shown in Figure 1.
The Agda compiler will treat a postulate as opaque and as-
sume that such a function or data type can exist. This pos-
sibly loses some mathematical strictness, as now an uncon-
structible function, such as one proving | from truth, can be
used in further proofs, possibly compromising the mathemat-
ical correctness of the entire system, similar to a contradicting
set of axioms.

A limitation of proof development in programming lan-
guages is that proving even simple properties may require
more effort than empirical testing. This is particularly the
case when a property is itself incorrect. The development
process can therefore be improved by detecting such issues
early on.

2.4 AGDA2HS

AGDA2HS [4] was created to transpile Agda code into
Haskell code. In contrast to Haskell, Agda lacks an extensive
ecosystem of tools surrounding it, making it less accessible
to the wider developer audience. AGDA2HS aims to make the
mathematical security of Agda available in Haskell, allowing
users both to replace existing Haskell implementations with
verified Agda counterparts and to collaborate with developers
who are not familiar with Agda.

Language constructs are transpiled by implementing them
in Agda, annotating their definitions with a ‘pragma’, and
invoking AGDA2HS on the Agda source files. The pragma,
a compiler hint, specifies how AGDA2HS should transpile a

paper, it is sufficient to note that there are, amongst others,
AGDA2HS pragmas to generate new Haskell code and map
Agda code onto existing Haskell code. Included are pragmas
specifying which Haskell language structure should be tar-
geted, such as newtype, class or data, as these can all be
created from an Agda record.

Most Agda libraries are not available for use with
AGDAZ2HS, as they cannot be properly compiled to Haskell.
Instead, a translated copy of the majority of the Haskell Pre-
lude, Haskell’s standard library, is provided [4]. Furthermore,
Set is renamed to Type to better align with Haskell conven-
tions.

When a function or type defined within a /Haskell direc-
tory is used in Agda, AGDA2HS will translate it by mapping
it to a Haskell function or data type of the same name and
relative file path, even if it does not exist in Haskell. This
constitutes an exception to the usual mechanism of generat-
ing Haskell code from Agda definitions. Furthermore, rewrite
rules may be used during compilation to rename functions
and data structures, which is necessary when identifiers are
invalid in either language.

Finally, the @0 annotation [17; 18] marks a value as erased,
indicating that it is not present at runtime. The type checker
enforces that no non-erased computations depend on erased
computations. This mechanism is particularly important for
AGDAZ2HS, since it relies on erasure annotations to determine
which components of an Agda program are preserved during
transpilation and which parts are used solely for the Agda-
side proofs. The advantage of erasure annotations is that, in-
stead of programmers having to manually verify, Agda will
ensure that the erased argument is never returned or pattern
matched on, so erasing it does not affect the runtime be-
haviour of the program.

3 Porting QuickCheck to AGDA2HS

As discussed in the previous section, integrating
QuickCheck’s testing functionality into AGDA2HS can
improve the developer experience by identifying bugs before
a proof attempt. This section presents the approach used to
expose the QuickCheck interface within Agda for use with
AGDA2HS. First, the general approach to porting the library
is explained in subsection 3.1. Then, subsection 3.2 details
the porting of functions and data types, followed by the
method for porting type classes in subsection 3.3. Finally,
the possibility of showing a correspondence relation between
a test and a proposition is explored in subsection 3.4.
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record Gen (a Type) Type where
no-eta-equality; pattern
constructor MkGen
field unGen QCGen » 4 Int IsNonNegativeInt - a
record GenN (a Type) Type where
-- (...)
field unGenN QCGen » Nat - a

Figure 2: Generator definitions.

3.1 Approach

In this thesis, following the approach adopted in the
AGDA2HS port of the containers library [19], QuickCheck
is ported to Agda for AGDA2HS by postulating functions of
QuickCheck in Agda, as shown in Figure 1. Where a con-
crete implementation is relevant for a proof and where such
an implementation would allow reasoning grounded in code
instead of postulates, functions may alternatively be imple-
mented explicitly. This can improve the transparency of the
proof and thus the mathematical support for the claimed prop-
erty.

Additionally, all code originating from QuickCheck is
placed in a /Haskell folder. By mirroring the structure of
the QuickCheck source code and defining functions and data
types in their corresponding files, calls and import statements
are mapped directly onto to the existing QuickCheck library.
Although additional code is introduced to the port, this ap-
proach results in that the library is not reimplemented but
rather given an interface.

Only exported components of QuickCheck or those strictly
required for the implementation of other definitions are in-
cluded in the port. The functions and data types that are not
exported by QuickCheck are therefore left out. Furthermore,
during development, priority was given to the subset of func-
tionality necessary for a minimal viable product.

3.2 Porting Functions and Types

The functions and data types in QuickCheck are, as described
in subsection 3.1 and shown in Figure 1, primarily ported
by postulating their signatures. In this example, the choose
function is made available in Agda. It takes a 2-tuple of some
type a, which has an instance of the Random type class (see
subsection 3.3), and returns Gen a. That generator produces
values between the two bounds in the tuple, although “be-
tween” is not always well-defined, as discussed in subsec-
tion 4.2.

Data types may also be postulated but are often imple-
mented directly. Doing so allows for more transparent proofs
about the nature of the data types and functions involving
them. For instance, constructors and record field projections
are only available when the type has an explicit implementa-
tion.

For example, generators are implemented as a record, as
shown in Figure 2. As discussed in subsection 2.2, genera-
tors are functions (here named “unGen”) that take two val-
ues: an RNG of type QCGen and a size parameter of type

Int. However, in the port the size argument is wrapped in
3 Int IsNonNegativeInt, requiring proof that the value
is non-negative. This proof is erased during transpilation.
In Haskell, supplying a negative size causes QuickCheck to
throw an exception. Since Agda (currently [20]) prevents all
functions from throwing an exception, such calls are excluded
by construction, making the non-negativity requirement ex-
plicit.

A more natural implementation of a size parameter would
use Nat type, as all its values are non-negative. However,
changing the type of a parameter in the translation step from
Nat to Int would cause problems for surrounding code that
still supplies or expects a Nat. For this reason, a second gen-
erator type, GenN, is introduced which transpiles to a Haskell
newtype. With the function toGen : GenN a — Gen a,
it can be converted to a normal generator and be used with
QuickCheck. In addition, function involving a Gen generally
have a GenN equivalent, distinguished by a “N” suffix (e.g.
chooseN).

One of the problems of porting Haskell code to Agda is that
certain Haskell names are not allowed in Agda. An example
of this is the QuickCheck .&&. function:

(.&&.) (Testable a, Testable b) =>
a -> b -> Property

It takes two arguments, where both sides must implement the
type class Testable, but can be different types, and returns
a Property representing whether both arguments hold. The
dots in the function name are not allowed in Agda, so in-
stead for the translation, the e (U+2219: BULLET OPERA-
TOR)? [21] is used in combination with rewrite rules. Now,
o&&e will correctly be mapped to .&&. in Haskell. Another
example is the Discard data type in Haskell, of which the
Haskell constructor has the same name as the type. Given
that in Agda, constructors cannot have the same name as a
type, the constructor is named MkDiscard and, using rewrite
rules, transpiled to the Haskell constructor Discard.

3.3 Porting Type Classes

Type classes in Haskell are analogous to interfaces in lan-
guages such as Java [22]. Required type classes for a type
variable are specified in Agda using parameters wrapped in
double braces. For example, “{{Random a}} —” in Fig-
ure 1 requires that a has an instance of the Random type class.
This gets transpiled to “Random a =>" in Haskell.

% is written as ““\ .” with Agda-mode [13].




O 0NN B W=

record Arbitrary (a Type) Type where
no-eta-equality
field
arbitrary Gen a
shrink a > List a
open Arbitrary {{ }} public

{-# COMPILE AGDA2HS

instance
iArbitraryCircle Arbitrary Circle
iArbitraryCircle .arbitrary = MkCircle
iArbitraryCircle .shrink (MkCircle r)

{-# COMPILE AGDA2HS iArbitraryCircle #-}

postulate

instance
iRandomBool Random Bool
iRandomInt Random Int

Arbitrary existing-class #-}

<$> arbitrary
MkCircle <$> (shrink r)

Figure 3: Implementing a QuickCheck type class in AGDA2HS, with example instances.

All type classes in this port are implemented and thus not
postulated, as an implementation of a type class is needed to
access its functions or reason about its properties. Figure 3 il-
lustrates this approach using the Arbitrary type class. The
pragma on line 9 maps the type class onto QuickCheck’s
Arbitrary type class, even though it has a separate imple-
mentation in Agda. The ‘existing-class’ pragma indicates to
AGDAZ2HS that it should transpile the record to an existing
type class instead of a data type. Akin to postulating func-
tions and data types, for this pragma to make the translation
correctly, it is imperative that the names and types of the type
class match up exactly to their corresponding Haskell class.

Furthermore, certain type classes must be instantiable for
user-defined types. An example of this is the Arbitrary
instance in Figure 3 of the user-defined Circle type. The
arbitrary function constructs a generator for Circle by
applying the constructor MkCircle—which takes a single
Nat denoting the circle’s radius—to the generator for Nat.
Similarly, the shrink function, which is used by QuickCheck
to shrink counterexamples, is also implemented by relying on
the shrink implementation of Nat.

Nevertheless, for class instances which are already imple-
mented in Haskell and are not implementable due to missing
dependencies in Agda or for which instance implementations
are not required, postulates can be used. Examples include
the Random instances shown in Figure 3.

3.4 Testing the Correct Proposition?

When testing a proposition, it is important that the property
asserted by the test is the same proposition the programmer
intends to verify. Additional functionality is introduced on
top of QuickCheck, using which a correspondence relation
between propositions and tests can be shown.

Reflects?, as shown in Figure 4, is used to express this
correspondence between a proposition and a test. More pre-
cisely, it shows that for some input the test returning True
means that the proposition holds for that input and, inversely,
does not hold if the test returns False.

Due to limitations in the definition of corresponds-to,
tests for which a programmer wants to show correspondence,
can take one argument and must return a Bool. While there
are equivalent functions for tests and propositions taking up
to five arguments, tests requiring additional inputs can be ex-
pressed by grouping arguments into a tuple.

Currently, correspondence can only be shown for tests
returning Bool. While a boolean result directly indicates
whether a proposition holds, a Property may also represent
a discarded test case, introducing a third outcome and sub-
stantially complicating correspondence proofs.

To facilitate these proofs, helper functions are provided
that translate between boolean operators and their equivalents
in the Curry—Howard correspondence. There are functions
translating between “&&” and “x”, “| |” and “Either”, “not”
and “> 17, “=="and “=" and between “a /= b’ and “a
b » _L”. The first two functions are shown in Figure 4. Note
how a reversed translation is constructed by exchanging the
types of the last argument and the result.

In Figure 5 an example of a correspondence proof can
be seen. The proposition states that appending a list with
an empty list leaves it unchanged (and thus is equivalent as
applying the identity function). To ensure that the proof-
in-construction on line 5 and the correspondence proof on
line 11 are considering the same proposition, it is abstracted
away to the proposition-++-[]-is-id function, though

3AGDA2HS’s Reflects is analogous to the Reflects in the
Agda standard library.
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Bool} » IsTrue (x && y) » IsTrue x x IsTrue y

Bool} » IsTrue x x IsTrue y -» IsTrue (x && y)

@0 _corresponds-to_ (a » Type) » (a » Bool) - Type
_corresponds-to_ P pred = V x > Reflects (P x) (pred x)
reflectsIsTrue : (b Bool) — Reflects (IsTrue b) b
reflectsIsTrue True = IsTrue.itsTrue
reflectsIsTrue False = A (O

&&-to-x V {x vy

&&-to-x {False} (O

&&-to-x {True} p = IsTrue.itsTrue , p

x-to-&& : V {x y :

x-to-&& {False} (OO , )

x-to-&& {True} (_ , p) = p

Figure 4: The framework for proofs of correspondence between propositions and tests.

proposition-++-[]-is-id List a » Type
proposition-++-[]-is-id xs = xs ++ [] =

postulate
proof-++-[]-is-id
-- TODO proof this;

V (xs
test it first

List Int » Bool
Xs ++ [] == Xs

prop_append_empty
prop_append_empty xs =

++-[]-is-id-corresponds

List a) » proposition-++-[]-is-id xs

proposition-++-[]-is-id corresponds-to prop_append_empty
++-[]-is-id-corresponds xs = mapReflects ==-to-= =-to-==
(reflectsIsTrue (prop_append_empty Xxs))

Figure 5: Showing the correspondence between a proposition and a test.

they could instead be copied manually.

A difference between the proposition and the test in Fig-
ure 5 is that the proposition reasons about lists of any type,
while the test reasons about lists of the Int type. QuickCheck
replaces any unconstrained type variables with the “()” unit
type, which contains only a single value. As a result, certain
properties, such as a list staying sorted under a certain opera-
tion, cannot be meaningfully tested. Using a richer concrete
type strengthens the guarantees provided by the test.

In Figure 5, correspondence is established by the imple-
mentation of the function ++-[]-is-id-corresponds. In
this example, the proof follows directly from translating the
equality operator. More complex propositions, such as a =
b A b # ¢, require multiple translation steps. Using the ***
function, translations can be made in multiple steps:

*%%* 1 (a>b) > (c>d)~»>axc->D>bxd

(A h » (==-to-= *** /=—to-=>1) (&&-to-x h))
(A h > x-to-&& ((=-to-== *** =»]-to-/=) h))

For the Either type, the mapBoth function has been added
to allow for analogous translation as with *** for x.

4 Analysis of the Port

Given the port from section 3, I analyse it and its shortcom-
ings and justify the chosen approach to port QuickCheck to
Agda. In subsection 4.1, the current available functionality
of the port is illustrated. Then, in subsection 4.2, existing
problems and limitations a user of this port will encounter are
discussed.

4.1 Available Functionality

The functions exposed through the process described in sec-
tion 3, allow most tests to be written in AGDA2HS. For
example, almost all functions related to Property or Gen,
such as ==>, chooseInt and oneof are available. A com-
plete overview of all ported functionality is provided in Ap-
pendix A.

For the ported functions, the restrictions that are implicit
in QuickCheck have been made explicit at the type level.
An example is the oneof function, which selects a generator
from a list of generators, which must be non-empty. Whereas
QuickCheck enforces this by throwing an exception when en-
countering an empty list, the port requires proof that the list
of generators is non-empty. Furthermore, properties of re-
turned values have been encoded in the return type of certain




functions, such as bounds on generated ranges, allowing these
guarantees to be used in subsequent proofs.

When such properties require stricter preconditions on
functions than imposed by QuickCheck, a mirrored ver-
sion is created, such as with chooseInt and chooseInt’.
chooselInt’ includes a proof that the Int generated will be
between the two bound given by the range tuple, but requires
a proof that the first value of the tuple is not larger than the
second value.

The following property test can be made about the afore-
mentioned user-made Circle type, which asserts that the
area of a circle quadruples every time the radius is doubled:

prop Circle » Property
prop c¢ = area (scale 2 c¢) === 4 * area c

This test can then be evaluated by providing it to the
quickCheck function. If a programmer wants to make a cus-
tom generator for a type, for example one using GenN, it can
be done as follows:

circleGenN GenN Circle
circleGenN = sizedN $ A n -
MkCircle <$> chooseNatN (0 , n)

To use this generator instead of the generator specified in the
Arbitrary instance of Circle, the forA11(N) function can
be used:

propN Property
propN = forAllN circleGenN prop

With the added functionality to show the correspondence
between tests and propositions, a programmer may be con-
fident that they are testing the correct property. Moreover,
when a proof is deferred, providing tests and a correspon-
dence proof offers stronger evidence for correctness than re-
lying solely on a postulate. Although translations are cur-
rently provided only for commonly used operators, users can
extend them with additional translations as required.

4.2 Limitations

A user of this port may encounter two main problems, the
first of which has an existing workaround. Due to a bug in
AGDA2HS?, when, for example, creating a new instance of
the Arbitrary type class in Agda without referencing the
function names elsewhere in the file, AGDA2HS will not im-
port those functions. This causes the Haskell compiler to re-
port errors due to unresolved identifiers. A workaround for
this is to import the entirety of QuickCheck by adding a for-
eign pragma to the top of any Agda file involving QuickCheck
with import Test.QuickCheck as its content, inserting the
import statement into the Haskell file.

The second limitation of the port is that some parts of
QuickCheck fell out of the scope for this thesis and remain
unimplemented. Although this port can be extended and, in
its current state, have added value to projects, approximately
half of the public QuickCheck functionality is not yet avail-
able. Feature selection was prioritised according to their rel-
evance to testing propositions, consequently leaving some
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areas of the QuickCheck codebase almost entirely without
Agda bindings. Most notably type-level modifiers, which al-
low extra restrictions on the generated test data, such as all
generated numbers being non-negative, are currently not sup-
ported.

When showing the relation between a property test and
a proposition, the quality of the generators used is not ac-
counted for. As discussed in subsection 2.2, a low-quality
generator can have blind spots, lowering the value of the tests
depending upon it. Ideally, a stronger correspondence rela-
tion would be incorporated into the port which requires a sur-
jectivity proof for all generators used. Such proofs state that
for every value of a type, a combination of an RNG seed and
a size parameter exists for which the generator generates that
value. Creating these proofs in this port is still an open re-
search problem, rendering such stronger relations currently
unprovable.

A further limitation of this feature is that only functions
that return boolean values can be shown to correspond to
a proposition. Although with these operators the majority,
if not the entirety, of tests can be written, it prevents the
use of the QuickCheck operators. These operators return a
Property value and are more descriptive: where a test re-
quires that two values are equal, the built-in == can only assert
whether they are equal, while QuickCheck’s === can also ex-
tract the values in case of a failed test, allowing QuickCheck
to display them to the user. Additionally, the discarding func-
tionality for inputs for which a given predicate does not hold,
as implemented with ==>, is unavailable in this context.

When porting from QuickCheck, some implicit properties
cannot be properly made explicit. One such example this is
the chooseEnum function, which takes a pair of values of a
type implementing the Enum type class and returns a gen-
erator generating values between the first value as a lower
bound and the second value as an upper bound. If the first
value is greater than the second value, they are in practice
swapped around by QuickCheck, although strictly speaking
the behaviour is undefined. While this can be prevented by
enforcing that the first value is smaller than the second value,
the comparison used can have unexpected results. Enums
in the context of the chooseEnum function are not ordered
by an Ord implementation, but rather by their Enum imple-
mentation, which can have a different ordering. If one wants
to make the property explicit that the first value should be
smaller than the second value or that the return value will
be between the two given values, the function signature ei-
ther becomes cluttered with fromEnum calls or has them ab-
stracted away. An alternative is requiring the Enum and Ord
instances to adhere the same ordering. This limits the use of
chooseEnum (or an alternative chooseEnum’) to only types
for which this specific relation exists.

Moreover, making all the implicit preconditions that
QuickCheck imposes explicit, several of which are techni-
calities, risks making the port impractical to use. If a pro-
grammer is always obliged to prove that their tests are correct
before being able to test the proposition they actually wish
to test, this could become a slow and ’bureaucratic’ process,
diminishing the incentive to test at all.
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5 Responsible Research

All code written for this project is published as a AGDA2HS
fork under the MIT license®, which means anyone can use
and extend the code written for this project. This is also the
license as AGDA2HS uses; thus, the code or a future version
can, with relative legal ease, be merged back into AGDA2HS
if the maintainers want to do so.

Although generative Al models were consulted during the
writing of the code and this paper, all code and text are
handwritten by me. Additionally, any relevant information
brought up by an Al model has been fact-checked by me and,
when used in this paper, backed with a verified citation. The
Al model families consulted for this project are Mistral’s Vibe
[23] and Anthropic’s Sonnet 4.6 [24]. In addition, I used
Quillbot [25] to filter out some of the grammar mistakes in
this text.

By using Al minimally, the negative sides of Al usage have
likewise been minimised whilst keeping the advantages. One
such advantage of using Al is rapid searching of the internet
or documentation, especially when, for some feature, there is
no real documentation but only code examples in production
code. A possible disadvantage of using Al when copying its
code solutions is that the quality of the codebase decreases,
more so when one does not take the time to understand its
code. Additionally, two genuine concerns with Al usage are
the environmental impact [26] and the possibility that it re-
produces code under a restrictive license, which would result
in the project containing copyright infringement. Both con-
cerns have respectively been minimised and avoided by this
approach.

6 Related Work

With the exception of one 2011 ‘toy’ project written in Elisp
[27], no testing framework is yet available in Agda 2. In 2003,
Dybjer er al. [28] ported QuickCheck to an earlier version of
Agda—Agda 1—combined with the visual proof editor Alfa,
but I was not able to find the codebase accompanying their
paper. In a later 2004 paper [29], they expanded their port by
adding the ability to prove that a generator is surjective, that
is, capable of generating all values of a given type.
Paraskevopoulou et al. have made a comparable effort by
porting QuickCheck to the proof assistant Rocq [12]. In
their version of QuickCheck, named QuickChick, function-
ality was added not only for surjectivity proofs of genera-
tors but also for proving that a test is equivalent to a propo-
sition. Furthermore, as it is implemented in Rocq, most of
QuickChick’s codebase could be formally verified as correct.
In 2004, Berghofer et al. [30] introduced QuickCheck-
based testing functionality to the proof assistant Is-
abelle/HOL, adding automatic derivation of generators for
data types. In 2012, Bulwahn [31] extended Isabelle’s
QuickCheck version by combining random testing with ex-
haustive and narrowing-based testing. Exhaustive testing en-
tails verifying a proposition for all values up to a given bound,
while narrowing-based testing partially specifies values and
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gradually refines them, allowing it to explore many possibili-
ties more efficiently and find counterexamples that exhaustive
testing might miss.

7 Discussion

Currently, the port is part of a fork of the AGDA2HS codebase
akin to the aforementioned containers library [19]. In the fu-
ture, if it is decided to extend this port and once it has matured
enough, it should become a standalone project.

Alternative ways of porting QuickCheck are the ap-
proaches Paraskevopoulou et al. used for Rocq [12], Dy-
bjer er al. [28] used for an earlier version of Agda and
Berghofer for Isabelle/HOL [30], which entails reimplement-
ing QuickCheck instead of creating an interface for it. In
these projects, the generation of randomness is done outside
of the proof assistant, in OCaml, Haskell and, e.g., Standard
ML, respectively.

Although this method has the advantage of allowing the
port of QuickCheck to be verified itself, the execution of tests
would still take place in Haskell. Since the goal of this port
is to expose QuickCheck specifically for AGDA2HS, it is nat-
ural to map onto the existing QuickCheck code. This way,
instead of reimplementing QuickCheck in Agda to transpile
it back to Haskell, the port can be relatively quickly extended
by postulating QuickCheck’s functions and building on top of
them.

8 Conclusions and Future Work

In this thesis, I addressed the lack of testing frameworks for
AGDA2HS by porting QuickCheck to Agda. Although the
port is not yet complete, it has reached a state where it can
be used in AGDA2HS projects. Furthermore, I extended the
QuickCheck functionality to include correspondence proofs,
which show that a property test and a proposition assert the
same concept.

However, the correspondence proofs could be further im-
proved as they are weak: the generator generating the test
data is not required to be surjective. In the future, requiring
surjectivity proofs for a generator accompanying a test would
allow for a stronger correspondence relation, but a method to
prove surjectivity would have to be devised first.

Additionally, the current approach to establishing corre-
spondence imposes restrictions on the return type of the test.
Methods that are capable of more expressive return types
while preserving the correspondence guarantees remain an
open problem for future work.
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A List of Functions, Data Types and Type Classes

This appendix contains a list of all functions, data types and type classes available to users of the port. Functions and types
that do not originate from the Haskell QuickCheck library are presented separately. For some groups of functions with long yet
similar function signatures, the common part of the function signature is abstracted away to amodule _ ... where block to
increase readability.

A.1 Functions
From QuickCheck
sized : (4 Int IsNonNegativeInt » Gen a) » Gen a

getSize : Gen (d Int IsNonNegativelnt)
resize : d Int IsNonNegativeInt -» Gen a -» Gen a

scale : (d Int IsNonNegativeInt » 4 Int IsNonNegativeInt) » Gen a -» Gen a
choose : {{Random al}} > a x a » Gen a

chooseAny : {{Random a}} -» Gen a

chooseInt : (range : Int x Int) -» Gen Int

chooseEnum : {{Enum al}} » (range : a x a) -» Gen a

chooseInteger : (range : Integer x Integer) -» Gen Integer

generate : Gen a » I0 a

sample’ : Gen a » IO (List a)

sample : {{Show a}} » Gen a » IO T
genDouble : Gen (d Double (0.0 <=_<= 1.0))
suchThat : Gen a » (P : a » Bool) » Gen (d a (A x » IsTrue (P x)))
suchThatMap : Gen a » (a -» Maybe b) » Gen b
suchThatMaybe : Gen a » (P : a » Bool) » Gen (Maybe (4 a (A x » IsTrue (P x))))
oneof : d (List (Gen a)) NonEmpty -» Gen a
frequency : 7 (List ((d Int IsNonNegativeInt) x Gen a)) NonEmpty - Gen a
elements : 4 (List a) NonEmpty -» Gen a
sublistOf : List a » Gen (List a)
shuffle : List a » Gen (List a)
growingElements : 4 (List a) NonEmpty - Gen a
listOf : Gen a -» Gen (List a)
listOfl : Gen a - Gen (List a)
vectorOf : Int » Gen a » Gen (List a)
ioProperty : IO prop - Property
idempotentIOProperty : IO prop -» Property
module _ {prop : Type} {{_ : Testable prop}} where
forAll : {{Show a}} » Gen a » (a » prop) » Property
forAllShow : Gen a » (a » String) -» (a » prop) » Property
forAllBlind : Gen a » (a » prop) - Property
forAllShrink : {{Show a}} > Gen a » (a » List a) » (a » prop) » Property
forAllShrinkShow : {{Show a}} » Gen a » (a » List a) » (a » String) -
(a » prop) » Property
forAllShrinkBlind : {{Show al}} » Gen a » (a » List a) » (a » prop) » Property
_==>_ : {{Testable a}} » Bool » a » Property
_===_ : {{Eq a}} -» {{Show a}} » a » a » Property
=/=_ : {{Eq a}} -» {{Show al}} » a » a » Property
_e&e_ : {{Testable al}} » {{Testable b}} » a » b > Property
_o&&e_ : {{Testable a}} » {{Testable b}} > a > b > Property
_o||e_ : {{Testable al}} » {{Testable b}} » a » b > Property
quickCheck : {{Testable a}} » a » IO T

New
@0 _<=_<=_ : {{Ord a}} » a » a » a » Type
chooseInt’ : (range : Int x Int) -» @0 {{IsTrue (fst range <= snd range)}} -
Gen (4 Int (fst range <=_<= snd range))
chooselnteger’ : (range : Integer x Integer) -» @0 {{IsTrue (fst range <= snd range)}} -

Gen (d Integer (fst range <=_<= snd range))



toGen : GenN a » Gen a

toGenN : Gen a -» GenN a

sizedN : (Nat » GenN a) » GenN a
getSizeN : GenN Nat

resizeN : Nat » GenN a » GenN a
scaleN : (Nat » Nat) » GenN a » GenN a
chooseN : {{Random a}} » a x a » GenN a

chooseAnyN : {{Random a}} - GenN a
chooseIntN : (range : Int x Int) -» GenN Int
chooseIntN’ : (range : Int x Int) » @0 {{IsTrue (fst range <= snd range)}} -
GenN (4 Int (fst range <=_<= snd range))
chooseNat : (range : Nat x Nat) -» Gen Nat
chooseNatN : (range : Nat x Nat) -» GenN Nat

chooseEnumN : {{Enum a}} » (range : a x a) -» GenN a
chooseIntegerN : (range : Integer x Integer) -» GenN Integer
chooseIntegerN’ : (range : Integer x Integer) -» @0 {{IsTrue (fst range <= snd range)}} -

GenN (d Integer (fst range <=_<= snd range))
generateN : GenN a » IO a
sampleN’ : GenN a » I0 (List a)
sampleN : {{Show a}} » GenN a » IO T
genDoubleN : GenN (J Double (0.0 <=_<= 1.0))
suchThatN : GenN a » (P : a » Bool) » GenN (d a (A x » IsTrue (P x)))
suchThatMapN : GenN a » (a » Maybe b) » GenN b
suchThatMaybeN : GenN a » (P : a » Bool) » GenN (Maybe (4 a (A x » IsTrue (P x))))
oneofN : J (List (GenN a)) NonEmpty -» GenN a
frequencyN : o (List (Nat x GenN a)) NonEmpty -» GenN a
elementsN : 7 (List a) NonEmpty -» GenN a
sublistOfN : List a » GenN (List a)
shuffleN : List a » GenN (List a)
growingElementsN : J (List a) NonEmpty - GenN a
1listOfN : GenN a » GenN (List a)
1istOf1N : GenN a » GenN (List a)
vectorOfN : Int » GenN a -» GenN (List a)
module _ {prop : Type} {{_ : Testable prop}} where
forAlIN : {{Show a}} » GenN a > (a » prop) » Property
forAllShowN : GenN a > (a » String) -» (a » prop) » Property
forAllBlindN : GenN a » (a » prop) » Property
forAllShrinkN : {{Show a}} » GenN a » (a » List a) » (a » prop) - Property
forAllShrinkShowN : {{Show a}} » GenN a » (a » List a) » (a » String) -~
(a » prop) » Property
forAllShrinkBlindN : {{Show al}} » GenN a » (a » List a) » (a » prop) » Property

@0 _corresponds-to_ : (a -» Type) » (a » Bool) -» Type

@0 _corresponds-to-2_ : (a » b » Type) » (a » b » Bool) » Type

@0 _corresponds-to-3_ : (a » b »> c » Type) » (a » b » ¢ » Bool) -» Type

@0 _corresponds-to-4_ : (a > b > c->d > Type) » (a > b > c > d -» Bool) » Type

@0 _corresponds-to-5_ : (a > b>c>d>e > Type) > (a »b>c>d> e > Bool) » Type

reflectsIsTrue : (b : Bool) » Reflects (IsTrue b) b

not-to-»1 : V {x : Bool} » IsTrue (not x) » (IsTrue x > 1)

>l -to-not : V {x : Bool} » (IsTrue x » 1) » IsTrue (not x)
&&-to-x : V {x y : Bool} » IsTrue (x && y) » IsTrue x x IsTrue y
X-t0-& & : V {x y : Bool} » IsTrue x x IsTrue y -» IsTrue (x && y)

| |-to-Either : V {x y : Bool} » IsTrue (x || y) » Either (IsTrue x) (IsTrue y)
Either-to-|| : V {x y : Bool} » Either (IsTrue x) (IsTrue y) » IsTrue (x || y)
module _ {prop : Type} {{_ : Testable prop}} where

==-to-= : V {x y : ty} > IsTrue (X == y) » X = ¥y

=-to-== : V {xy : ty} » x =y » IsTrue (x == y)

/=-to-=->1 : V {xy : ty} » IsTrue (x /=vy) » ((x =vy) > 1)
=l-to-/= : V{xy : ty} » ((x =y) » 1) » IsTrue (x /= y)
mapBoth : (a » ¢) » (b » d) » Either a b » Either c d



A.2 Data Types
From QuickCheck

Gen a

Result
Property
Discard
QCGen

Prop

Rose a
Callback
CallbackKind

New

GenN a

A.3 Type Classes
From QuickCheck
Random

Arbitrary
Testable
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